Superoxide dismutase [(SOD) EC 1.15.1.1] is a metalloenzyme that catalyzes the dismutation of superoxide radicals to molecular oxygen and hydrogen peroxide. This enzyme has been found to play an important biological role in protecting oxygenmetabolizing cells against the harmful effects of superoxide free radicals. SODs are found ubiquitously from bacteria to humans. So far, there have been four types of SODs, distinguished according to their catalytic metal cofactor: copper, manganese, iron, and nickel. [1] [2] [3] In industry, a major requirement for commercial SODs is thermal stability, because thermal denaturation is a common cause of enzyme inactivation. Thermostable SODs are potentially very useful due to their high stability. It has been reported that SODs were isolated from hyperthermophilic organisms, [4] [5] [6] [7] [8] [9] [10] but reports about SODs from thermophilic fungi are few. The thermophilic fungus T. aurantiacus var. levisporus is a variation of Thermoascus, and it can thrive well at temperatures between 45 C and 50 C.
11) The fungus has been found to produce a thermostable endo-1,4--glucanase.
12) An endo-1,4--glucanase gene and a cellobiohydrolase gene cbh1 of this fungus have been cloned (Genbank AY847014, Genbank AY840982).
All procedures of SOD purification were carried out at 4 C. The following buffers were used: buffer A, 50 mM Tris-HCl (pH 7.5); and buffer B, buffer A containing 50% saturation ammonium sulfate. (i) Fractional ammonium sulfate precipitation: Solid ammonium sulfate was added to the supernatant to 60% saturation. After 12 h, the precipitate was centrifuged (8,000 g, 30 min), and ammonium sulfate was added to the supernatant to 80% saturation. After 12 h, the precipitate from subsequent centrifugation (8,000 g, 30 min) was dissolved in buffer A and dialyzed overnight against three changes of the same buffer. (ii) Ion exchange chromatography on DEAE-Sepharose: The dialyzed sample was put on a DEAE-Sepharose column equilibrated with buffer A. After the column was washed with five column volumes of buffer A, a 100 ml linear gradient of NaCl (0-0.3 M in buffer A) was applied. Fractions with SOD activity were pooled. (iii) Phenyl-Sepharose hydrophobic interaction chromatography: the sample from the DEAE-Sepharose column with 50% saturation ammonium sulfate added was applied to a Phenyl-Sepharose column previously equilibrated with buffer B. After the column was washed with five column volumes of buffer B, SOD was eluted with an 80-ml linear gradient of ammonium sulfate from 50-0% saturation. Fractions with SOD activity were pooled. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was used to verify the protein purity of the enzyme under denaturing conditions, as was described by Laemmli.
13) Zones of SOD activity were stained with nitroblue tetrazolium. 14) To identify the type of SOD, duplicate gels were incubated with 10 mM KCN, 10 mM NaN 3 , and 10 mM H 2 O 2 during activity staining to inactivate Cu, Zn-SOD, Mn SOD, and Fe SOD respectively. 15, 16) The SOD activity of the crude enzyme was determined according to the method of Stewart and Bewley. 17) Protein was determined by the method of Bradford, 18) with crystalline bovine serum albumin as the standard. The protein content of column elutes was monitored by measuring the absorbance at 280 nm.
A summary of the purification results is given in Table 1 . The SOD was purified 7.85 fold, with a yield of 3.20% to a specific activity of 150 U/mg of protein.
Electrophoresis of the enzyme on SDS-PAGE gave a single band with a molecular mass of 16.8 kDa (Fig. 1) . The molecular mass of the SOD was estimated to be approximately 33.2 kDa by gel filtration on Sephacryl S-100 (data not shown). This result indicates that the SOD was composed of two identical subunits of 16.8 kDa each. The molecular mass of the enzyme fell within the 32,000-36,000 range reported for other homodimeric Cu, Zn-SODs. The SOD was found to be inhibited by KCN and H 2 O 2 , but not by NaN 3 . This result suggests that it was of the Cu, Zn-SOD type. The N-terminal amino acid sequence of the purified enzyme was identified as VKAVAVL with an Applied BioSystem PROCISE Ò cLC pulsed liquid sequenator (Foster City, CA).
The optimum temperature was measured in 50 mM di-sodium phosphate sodium phosphate monobasic (pH 7.8) buffer at various temperatures from 35 to 80 C. The thermostability was investigated by incubating the enzyme at 50, 60, 70, 80, and 90 C in the same buffer without substrate. Samples were removed at fixed time intervals and allowed to cool in an ice bath, and the residual SOD activities were tested under standard conditions to evaluate the thermal stability.
The enzyme was relatively stable at 50 C and 60 C. The enzyme activity dropped to 53% after 60 min at 70 C. The half-life of the SOD at 80 C was approximately 26 min, and retained 28% activity even after 20 min at 90 C (Fig. 1) . From the above results, it can be deduced that the enzyme was somewhat thermally stable. The thermostability characteristic of Cu, ZnSODs from the thermophilic fungus T. aurantiacus var. levisporus makes the enzyme suitable for the use in industries such as foods and cosmetics.
Total RNA was extracted from 100 mg of the mycelia of T. aurantiacus var. levisporus using a Trizol RNA extraction kit. 3 0 rapid amplification of cDNA ends (3 0 RACE) was performed by the 3 0 RACE kit. TaKaRa (Dalian) provided both kits. Based on the N-terminal amino acid sequence and the conserved region of the 5-terminal coding sequence of SOD from Paecilomyces sinensis (AY438328), Aspergillus fumigatus (AF128886), Paracoccidioides brasiliensi (AY918889), Cordyceps militaris (AY176061), Paecilomyces tenuipes (AY176060), and Glomerella cingulata (AF076951), the degenerate primer P1 (5 0 -ATGGTC-AARGCWGTYGCTGT-3 0 ) was designed for cDNA cloning by 3 0 RACE. The optimum conditions for PCR were denaturing at 94 C for 4 mins followed by 32 cycles of amplification (94 C for 1 min, 51 C for 50 s, 72 C for 50 s), followed by 10 min at 72 C. The PCR Unit (U), the amount of enzyme that inhibited the lightly deoxidize reaction of nitrotetrazolium blue chloride to 50%. product was analyzed by 1% agarose gel electrophoresis and ethidium bromide staining, and purified using a DNA Purification kit (Sangon, Shanghai). The purified PCR product was cloned into vector pMD18-T by the T/A cloning technique, and then transformed into E. coli host strain DH5. Once the correct recombinants were further confirmed by colony PCR or double restriction enzyme digestion, sequencing was done. All DNA sequencing reactions were performed on an ABI PRISM 377XLDNA Sequencer (Sangon, Shanghai). The nucleotide sequence of the T. aurantiacus var. levisporus SOD gene has been deposited in the GenBank nucleotide sequence database under accession no. DQ497636. By database search (BLAST), the segment revealed 100% homology with the N-terminal sequences of the deduced amino acid sequence of the Cu, Zn-SOD from T. aurantiacus var. levisporus, suggesting that the 3 0 RACE product was the cDNA corresponding to the purified the Cu, Zn-SOD. This gene was composed of an approximately 705-bp-nucleotide long 3 0 -end fragment. After confirmation of the presence of a poly (A) site, an ATG codon, and the stop codon TAG, an open reading frame sequence was identified. The open reading frame of the T. aurantiacus var. levisporus SOD gene consisted of 468 nucleotides, encoding 155 amino acid residues. The noncoding region following the stop codon was 237 bp in length. Searches of current nucleotide and protein data-bases with the BLAST network service revealed that the sequence is unique. Using BLAST programs, sequencing analysis showed that the cloned cDNA of T. aurantiacus var. levisporus had consensus SOD sequences. Conservative amino acid subdomains, which most SODs contain, were found in the deduced amino acid sequence of T. aurantiacus var. levisporus SOD (Fig. 2) .
Based on the characterization of T. aurantiacus var. levisporus Cu, Zn-SOD, it might be a candidate for industrial uses. The purification and molecular cloning of Cu, Zn-SOD is a necessary perquisite to a full understanding of the nature and mechanism of its action and its biological roles and applications. It is necessary to make further studies on the Cu, Zn-SOD of T. aurantiacus var. levisporus.
